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NATIONAL ADVISOR* COA3IITTES FOR AERON/it'TICS 

TECHNICAL NOTE NO..  10i+6 

PRELIMINARY 1YTND-TUNNEL INVESTIGATION AT LOW 

SPEED OP STA3ILITY AND"CONTROL CHARACTER- 

ISTICS OF S1VEPT-3ACK IVINGS 

By William Letko and Alex Goodman 

stöflüifly 

Teats were conducted on untapered constant-span 
wings of 0°, 30°, 45°» and 6"0° sweepback. The purpose 
of these tests was to investigate the effect of sweepback 
on stability and control characteristics. 

The data showed large changes In longitudinal sta- 
bility at moderate lift coefficients for the 45° and 60° 
swept-back wings. The lateral stability, the 3lope of 
the lift curve, and the effectiveness of the aileron and 
the split flap at small angles of attack varied with 
angle of sweepback' about as much as' would be expected 
from simple theoretical considerations. Spoilers were 
much le3s effective than would be Indicated by simple 
theory. 

All the sv/ept wings tflth flaps" neutral reached a 
maximum value of about 20° effective dihedral at some 
lift coefficient. Drooping the wing tips decreased the 
slope of rolling-moment curve plotted against angle of 
yaw. Because the reduction, increased with Increase in 
lift coefficient, drooping the tip3 appeared to be a 
promising means of reducing the unfavorable lateral sta- 
bility characteristics of wings with large sweepback. 

The ailerons were capable of trimming out the rolling 
moment caused by only small angles, of sideslip for the 
highly swept-back wings.' The snail phahge in pitching 
moment caused by aileron deflection Indicated that wing- 
tip elevators having swept-back hin;e lines would be 
relatively ineffective on highly swept-back wings. 

The maximum lift with flaps neutral remained about 
the same for all angles of sweepback. The increment of 
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maximum lift caused by the split-flap deflection decreased 
with angle of sweepback to approximately 0 for the 
60° awept-back wing. 

INTRODUCTION 

Much interest has been shown in the possibility of 
using wings with large amounts of sweepback for high- 
speed missiles and aircraft, iinalyses presented in refer- 
ences 1 and 2  show that the lift on a swept-back wing 
depends primarily on the component of velocity normal to 
the wing leading edge. Reference 3 shows that this compo- 
nent of velocity also is a most important factor in deter- 
mining compressibility effects and points out that, from 
consideration of compressibility, the critical flight Mach 
number of a swept-back wing should be higher than that of 
an unswept wing. In order to minimize the adverse effects 
of compressibility at high Mach numbers, the angle of 
sweep should be such that the component of velocity normal 
to the leading edge does not exceed that corresponding to 
the critical Mach number, of the airfoil sections. 

Since very little data are available on wings having 
angles of sweep greater than 30°, tests of an exploratory 
nature were made of wings having angles of sweepback 
of 0°, 30°, 45°. and 60°. These, tests were made in the 
6- byo-foot test section of the Langley stability tunnel 
to investigate at low speeds the stability and control 
characteristics, of swept-back wings. The effect of 
sweepback on 'the effectiveness of an aileron, a split • 
flap>. and a spoiler was investigated for each sweepback 
angle tested. The effect of a drooped tip was investi- •• 
gated for the.45° swept-back wing, and the effect of 
Increased aspect, ratio was investigated for the 0° and' ••• '• > 
k5°  swept-back wings. 

Although these tests were made at low airspeeds, the 
data, are also of importance in application to transonic 
speed because, as pointed out In reference 3» 1?  the 
wings are designed with proper sweep, the wing will have' . 
the same characteristics as at subcritical speed. 

v ** r- 
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SYMBOLS 

The data are referred to the stability axes, which 
are a systen of axes having their origin at the quarter 
chord of the mean aerodynamic chord -and.in which the 
£-axis is in the plane of symmetry and perpendicular to 
the relative wind, the X-axis is in the plane of symmetry 
and nerpendicular to the Z-axis, and the Y-axis is perpen- 
dicular to the nlane of symmetry. All moments are given 
about the quarter chord of the mean aerodynamic chord. 

lift coefficient (— J 

maximum lift coefficient 

longitudinal-force coefficient 

^nax 

Cy 

<V 

L 

X 

y 

L' 

M 

N 

® 
lateral-force coefficient   / — r (i 
rolling-moment coefficient 

pitching-moment coefficient 

7       \ 

yawing-moment coefficient 

\qso/ 

(JL) 

lift 

longitudinal force 

lateral force 

rolling moment about X-axis 

pitching moment about Y-axis 

yawing moment about Z-axis 

mTmmmT*m 

w 
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(H dynamic pressure 

mass density of air 

free-stream velocity 

wing area 

chord of wing, measured parallel to axis of 
symmetry 

mean geometric chord of v/ing, measured parallel 

pb/2 
to axis of symmetry ( g      c2 < 

span of wing, measured oerpendicular to axis of 
symmetry 

distance from leading edge of root chord to the 
quarter chord of the mean geometric chord 

ex db 

distance,- of the quarter-chord point of any chord- 
wise .section from the leading edge of root 
section 

slope of the curve of lift coefficient plotted 
against angle of attack 

slope of the curve of rolling-moment coefficient 
plotted against angle of yaw 

slope of the curve of yawing-moment coefficient 
plotted against angle of yaw 

slope of the curve of rolling-moment coefficient 
plotted against aileron angle 

angle of attack, measured in plane of symmetry, 
degrees 
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A 

angle of yaw, .positive when right wing is back, 
degrees 

angle of sweepbaok, degrees 

aileron deflection, measured in a plane perpen- 
dicular to leading edge, degrees 

flap deflection, measured in a plane perpendicular 
to leading edge, degrees 

aspect ratio (b2/S)    • • 

effective edge-velocity correction factor for 
lift (reference 4) 

effective edge-velocity correction factor for 
rolling moment (reference l±) 

aspect-ratio correction factor for lift 

W * z)e 

aspect-ratio correction factor for rolling moment 

where subscript 0 refers to unswept wings having the 
same wing-panel shape as the swept-back wings, and the 
subscript. Ä = 0 refers to the wing tested with zero 
sweepback. 

APPARATUS AND MODHLS 

The present tests were conducted in the 6- by 6-foot 
test section of the Langley stability tunnel. 

.'  *• 
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The model consisted of two rectangular wings of the 
NACA 23012 airfoil section. The wings were first cut to 
obtuln an angle of 60° 3weepback and then were fastened 
together with steel brackets. The model was cut suc- 
cessively to obtain angles of sweepback of lr5°» 30°, 
and 0°. For all the wings tested the chordwlse dimension 
of the wing measured perpendicular to the leading edge 
was 10 Inches. Most of the tests were made on wings 
having a saan of 50 Inches. A few tests of the 0° and J+5° 
swept-back wings were made with spans of ij.0.92 and 
50 Inches, respectively, each model having an aspect 
ratio of JJ..13» The aspect ratio of the wings varied with 
each ant;le of sweepback.  (See fig. 1.) 

The right wing of each model was equipped with a 
plain 0.20c cliord aileron, which hud a.span equal to one- 
half the aemispan of the «fing, '»i/ith a change in angle 
of sweepback the aileron and v/ing were cut in such a way 
that the span of the aileron remainea equal to one-half 
the semispan of the wing. The hinge line of the aileron 
was parallel to the leading edge of the wing. The gap 
between the aileron and wing was sealed with plastecine. 

The split flap tested on the model was made of 

—7-inch sheet steel.  The flao had a chord equal to 0.20c 
16 
and a span equal to one-half the span of the wing. The 
flap extended across the center section of the model, with 
the flap hinge line parallel to the leading edge. 

SDoilers, also made of —-r-inch sheet' steel, .were 
16 

tested on the model. The spoiler was mounted forward of 
the aileron at the 0.70c position on the right wing and 
extended from the inboard end of the aileron to the wing 
tip. 

For most of the tests the tips of the wings were 
tips of revolution, but drooped tips were also tested on 
the i+50 swept-back wing. Drooped tips increased the span 
of the wing to 58 inches.  (See figs. 1 and 2(a).) 

The model was mounted on the three-atrut support and 
because the angle-of-attack sting for angles of sweepback 
of J0°, 2;5C# «*nd 60° *«*•' long, a cross bar was required 
to furnish-additional rigidity to the model,  (See 
figs. 2(a) and 2(b).) 
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TESTS 

All the teats were run at a dynamic pressure of 
39.7 pounds per square foot. This value corresponds to 
a Mach number of about O.165. The Reynolds number varied 
from about 990,000 to about 1,980,000 because the chord 
of the wing, measured parallel to the axis of symmetry, 
was a function of sweep. 

For each of the swept-back wings, teats were made 
at 0° and ±5° yaw- For each of these yaw angles the 
uncorrected angle of attack was varied from -8° to 26° 
in 2° increments. For each angle of sweepback, tests 
were also made at 0° and 10° angle of attack for. varying 
yaw angles. The angles of vaw for these tests were 0°, 
±1°, ±2°,  +5°, +10°, +150, +20°, and +25°. 

The aileron tests were made with angles of 0° and 
il5° deflection for each sweepback angle. The split flap 
tested was set at a deflection of 60°. In.each case the 
angles of deflection were measured in a plane perpendicular 
to the leading edge of the wing. 

Although the spoiler height in inches was constant 
for most of the tests, the spoiler height in fraction of 
chord was not constant. For 0° sweep the spoiler deflec- 
tion was 0.10c, for the J0° awept-back wing the spoiler 
deflection was 0.087c, for the £5° swept-back wing the 
spoiler deflections tested were 0.035c and 0.071c, and 
for the 6o° swopt-back wing the .spoiler deflection was 
O.0256. 

CORRECTIONS 

A static calibration of the model'setup was made and 
the angular deflections of the model due to pitching loads 
were determined. The data were corrected for -the changes 
in angle of attack caused'by pitching moment's.' No tares 
were taken for the support struts, angle-of-attack 3ting, 
and cross bar. 

Since no systematic tunnel corrections for swept-, 
back wings have been investigated; approximate correc- 
tions for tunnel-wall effect were applied to the drag and 
rolling-moment coefficients and to the angle of attack. 
The following approximate corrections were applieds 

I'  •'•"V^X***""- 

- j?fc:*t-^'^;t'^£^*^^^'!?*?i 
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£CX 
S   J 

-6W £ CLt^ 

where 

aw 

S 

c 

K 

Aa = 57.3 6W !CLt 

the boundary correction factor obtained from 
reference 5 

wing area 

tunnel cross-sectional area, 36  square feet 

uncorrected lift coefficient 

uncorrected rolling-moment coefficient 

a correction factor from reference 6 corrected 
for application to these tests by taking into 
account the changes of model and tunnel size 

The follorfiug table gives values of the correction 
factors used for each of the swept-back wings: 

A 
(deg) A s 

(sq ft) 
6w K 

0 4.15 2.82 O.I47 0.02 
0 

=!;|| 
3-45 

4.67 

.154 .02 

" f •154 .02 
3.56 
4.13 

• 154- .03 
. 45 5.66  • .163 .03 

45 (drooned tip) 4.02 |.ai . .163. 
.154 

.03 
60 2.5.2 6.89 .03 

No corrections were applied to the data to take into 
account the tunnel-wall effect on the model at large yaw 
angles when the wing tips were very close to the tunnel 
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wall. The curves on the figures are shown dashed for 
that range of yaw angle for which the data probably were 
most seriously affected by wall interference. 

DISCUSSION 

The basic data obtained from these tests are presented 
in figures 3 t0 ?5 and an index of these figures is given 
in table I. Some results are summarized and compared with 
theoretical results in figures 36 to I.3. A comparison of  the 
data of figures 3 to 35 indicates many differences between the 
characteristics of a wing with no sweepback and wings with 
large amounts of sweepback. These differences are 
particularly noticeable for the variation of lift, pitching 
moment, and rolling moment with angle of attack. 

Plain wings.- The decrease in the slope of the lift 
curve with sweepback and aspect ratio is shown in 
figure 36 with an estimated curve. 

The maximum lift coefficient of the wings without 
flaps was approximately independent of the angle of 
sweepback, but the angle of attack at maximum lift varied 
nearly inversely as the cosine of the angle of sweepback. 

The shape of the curves of lift and pitching moment 
of the highly swept-back wings as a function of angle of 
attack are decidedly nonlinear (figs. 3(a)» 10(a), 
and 13(a)).  The wing with 60° sweepback at about 0^ = 0.3 
and the wing with k5°  sweepback at about CL = O.75 show 
an increase in the slope of the lift curve and a diving 
tendency, indicated by the sudden change in slope of the 
pitching-moment curve. These characteristics indicate 
an increase in load at the tip3, possibly accompanied by 
a rearward shift of the center of pressure at each section. 
Tuft observation at this attitude indicates the air flow 
to be rough and nearly parallel to the wing leading edge 
near the root and center parts of the wing. At higher 
angles of attack the expected tip-stalling tendency of 
swept-back wings was encountered; this tendency is indi- 
cated by the rounding of the lift curve, by the unstable 
slope of  the pitching-moment curve, and by large increases 
in drag. The longitudinal-force coefficient near C£max 
is at least 5 times as great for the wing with 60° sweep- 
back as for the unswept wing (figs. 3(b) and 27(b)). The 

.• -7 V" 

z 1 
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unawept wing of aspect ratio 6 corresponds to about 20° 
effective dihedral. The rates of change of CJ.I, with 

lift coefficient measured at small lift coefficients 
(from the curves of fig. 36) are plotted against angle of 
sweepback in figure 39 with an estimated curve. 

The value of oCl^/öCi,    for the unswept wing (0;001) 
probably can be attributed to the effects of the nearly 
blunt tip shat>es (reference 7). Of the total value of ' 
dCfy/dCi, for the swept-back wings, possibly 

{./tCi^tdCj)  = 0.001 may be attributed to the effects of 

tip shape. 

The drooped tips tested on the i;.5° swept-back wing 
acted somewhat as a low-aspect-ratio surface with negative 
dihedral and thereby reduced the values of Cj.t, by about 

0.0006 at CL 
2 0.1 and by about O.OOll; at Cj, -  0.7 

(for drooped tip 2).  (See fig. 12(c).) The unfavorable 
lateral-stability characteristics of wings with large 
sweepback can be reduced by the use of a drooped tip 
because the drooped tip decreased 

an increase in Cx,. 

Cz.|, in proportion to 

The side force and yawing moments change rapidly and 
irregularly when the v/lng is yawed at lift coefficients 
greater than the critical values when the diving moment 
occurs.  At small lift coefficients the directional sta- 
bility Cry,    is small but-favorable, except for the 

60° swept-back wing at negative "Cj,, and increases as 
some power greater than the first power of the absolute 
value of the lift coefficient; this increase indicates 
that the yawing moment is caused mainly by the differences 
in drag of the two sides of the wing when yawed. The 
drooped tips increased the directional stability of the 
wing with i+50'sweepback at small lift coefficients but 
had no appreciable effect at large lift coefficients 
(fig. 12(c)). 

Ailerons.- The effectiveness of a hali-span 0.20c 
aileron on  each of the various wings tested is indicated 
in figure k-Q  by the slopes measured between ±15° aileron 
deflection for C.JJ = 0.2.  Similar, variations can be 
expected up to a lift coefficient of 0.5. The marked 
decrease in aileron effectiveness with sweepback combined 

« 

v\ 
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with the marked increase in Cj^ indicates that with 

highly swept-baek wings the ailerons cannot trim out the 
rolling moment caused by large angles of yaw. Por example, 
these data indioate that J0° total aileron angle would be 
capable of trimming only 2°, 6°, 9°, and 32° angle of yaw 
for the 6o°, kb° •  3>0°, and 0° swept-back wings, respec- 
tively, at the lift coefficients corresponding to maximum 
Cfy with flaps neutral (fig. 3G). The curves of 

figures 5(c), 15(c), 22(c), and 29(c) show that as the 
angle of sv/eepback is Increased, the aileron on the rear- 
ward wing when yawed becomes progressively less effective 
in producing rolling moment and the aileron on the forward 
wing becomes more effective. Por the 45° &nd 60° swept- 
back wings the aileron on the rearward wing when yawed 
becomes relatively ineffective. Upward deflection of the 
aileron oh either wing appreciably reduces the slope Cfy. 

Because CLa and C&«  decrease with increases in 

sweep the damping in roll could also be expected to 
decrease. The ailerons therefore may be capable of pro- 
ducing satisfactory rates of roll on highly swept-back 
wings. 

The small change in pitching moment caused by aileron 
deflection indicates that wing-tip elevators having swept- 
back hinge lines would be relatively ineffective on highly 
swept-back wings.. 

Spoilers.- The effectiveness, in producing rolling 
moment, cf nearly half-span spoilers located at 0.7c on 
the upper surface of the wing is summarized in figure l\X. 
Por the wing with an angle of sweepback of 60°, the 
0.025C: spoiler produced rolling moment in the wrong 
direction. The ineffectiveness of the spoiler on the 
swept-back. wings in producing rolling moment is probably 
associated with a very thick boundary layer near the tip 
of the highly swept-back wings compared with that of the 
unswept wing'. 

The spoiler produced characteristics similar to 
those of the. aileron with regard to the variation of 
effectiveness with, yaw; that is, the spoiler on the highly 
swept-back w'ings was totally ineffective on the rearward 
wing but more effective than' at -zero yaw when on the for- 
ward wing. ' 

7 T 
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The rather large and favorable yawing moments pro- 
duced by spoiler deflection suggest the use of a spoiler 
as a directional control device. Rolling moments can be 
produced by spoiler action indirectly by causing favorable 
sideslip. 

Split flaps.- The effectiveness of half-span 
0.20c spilt naps deflected 60° in changing the lift at 
0° angle of attack and in producing an increment in 
maximum lift is indicated in figure k.2.    The estimated 
curves (dashed curves of fig. k2)  show that the flap is 
producing about all the Increment in CL at 0° angle of 
attack that can be expected. The flap produced no incre- 
ment in Cimax for the wing with 60° sweepback.  In fact, 
the flap may even produce a decrease in Cilnax not indi- 
cated by the data obtained. J.iaximum lift of the 60° swept- 
back wing without flao was not obtained because of limita- 
tions of the apparatus. The value of CL at moderate 
angles of attack was, however, appreciably increased by 
deflection of the split flaps. 

For the swept-back wings, deflection of the flap did 
not appreciably change the value of Cty at small values 

of CL but at high values of CL the value of Cty was 
changed considerably. At large values of CL the one 
value obtained with flap deflected and the wing at approxi- 
mately 11° angle of attack indicated values of Cty 

of O.OOlj.6 for the 30° and 0.0055 for the if5° and the 
60° swept-back wings (fig. 38). 

On the wings with 30°, k50,  arid 60° sweepback the 
split flap tested was nearly self trimming in pitch. The 
slopes of the pitching-morcent curve throughout the lift 
range were not appreciably altered by deflection of the 
split flap. 

Estimated characteristics.- The simple concepts 
suggested in reference 1 have been used to estimate 
certain characteristics of the swept-back wings from the 
measured characteristics of the tinswept wing. These 
concepts involve the assumption that changes in sweep- 
back angle, obtained by pivoting .the semispan of a given 
wing about an axis in the plane of symmetry, affect the 
loading over each semispan only insofar as sweep affects 
the components of velocity normal to the leading edge and 

-v-rv 
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the angles or attack of these velocity components with 
resnect to the planes of the wing semispans. IVhen the 
win^a are swept back in the manner indicated (that is, 
the areas of the wing nanels and the 3pan measured parallel 
to the leading edge are maintained constant), the following 
characteristics are indicated; 

CL« = (CL")A=O COS A 

and for a given split flap or spoiler deflection 

/SCL = (^L)A=Q  cos2 A 

Ml = fcl)A=0  cos2 A 

The areas of the wings used in the.present investi- 
gation were increased by extending the wing tips in order 
to maintain constant span as the an^le of sweepback was 
increasad.- Tn order to apply the concepts of reference 1 
consistently, therefore, it seens reasonable to correct 
the data ."or the un3wept wing tested to the aspect ratio 
of unswept wings having the same wing-panel plan form as 
the srept-bafik wings, as well as to correct for the 
effects of si'/aen on wings of constant wing-panel plan 
form. On this oasis, the following equations may be 
written (the Dianes in which the variables are measured 
being taken into account): 

;CLd 
K (cta)A=0n  cos.A 

: •  .' . •. n f .• . 



NACA TW Wo. 10l|.6 

and for a given split flao or spoiler deflection 

15 

ACL = (äCA   11 cos^ A 

iCj = f^Cj)   T)' cos2 A 
'  'A =0 

in which the factors n and rj' are defined as follows! 

In the foregoing factors the subscript 0 refers to 
unswapt wings having the sane wing-panel shape us the 
swept-back wings, and the subscript A = 0 refers to the 
wing tested with zero sweeoback. The factors Se 
and B'e are the effective edge-velocity correction 
factors for angle-of-uttack loading and for rolling moment, 
respectively. "(See reference l+.) 

The estimated characteristics are Indicated by the 
dashed curves of figures 56« h.0,  2,1, and U.Z.     Inspection 
of figures 56, ij.0, and 1+2  shows that the experimental 
data for the slope of the lift curve CL ,  the aileron 
effectiveness Clo. a' and the split flap effectiveness 

(ACi,)a=Q were slightly lower tnan the estimated curves. 

This variation indicates that the veloclty-coi..nontnt 
concept underestinates the effects of sweep on these 
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characteristics. The increment of rolling moment caused 
by spoiler deflection (fig. lj.1) decreased much faster 
with sweep than the estimated curve. This variation is 
probably attributable to the fact that the boundary layer 
is carried toward the tip as the sweepback is increased 
and also to the decrease in effective spoiler deflection 
with sweepback. 

By means of the previously discussed concepts, Betz 
(reference 1) derived an expression for the rolling-moment 
coefficient caused by sideslip as affected by sweep. In 
Betz's analysis, however, the type of sweep considered 
was one in which the leading edge of the swept wing was 
maintained in a horizontal plane regardless of the angle 
of attack of the wing. This type of sweep represents a 
condition in which the angle between the planes of the 
left and right semispan wings (dihedral angle) varies 
with angle of attack and does not apply therefore to the 
configurations of the wings considered in the present 
investigation (that is, wings swept in a manner such that 
the angle between the planes of the right and left semispan 
wings is maintained at l80°, or zero dihedral, regardless 
of the angle of attack).  An equation, based on the same 
simplified assumptions made by Betz (reference 1), has 
been derived to apply to the wings (swept in the manner 
Just discussed) of the present investigation. This equa- 
tion, which gives values of    Cty equal to one-half those 
obtained by Betz, Is as followst 

\  Cl* = 57^Tf tanA 

The dashed curve of figure 39 was obtained by adding 
to the value of öCZ^/öCL caused by sweep, as determined 
by the relationship Just given, the experimental value 
of  foCty/dcI.)A-o« The agreement between the experimental 
and. estimated curves is good but may be fortuitous because 
of the assumptions made in the derivation of the theo- 
retical relationship. 

CONCLUSIONS 

Results of tests In the Langley stability tunnel of 
untapered constant-span wings having angles of sweepback 
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of 0O;, 50°, k*j°,  arid 60° indicated the following effects 
of sweepback on stability ahd control characteristics: 

1. Large changes in longitudinal stability occurred 
at moderately large lift coefficients for the Wings with 
2J5

3
 and 60° sweepback. 

2. The rate of change of rolling-xoiient coefficient 
with angle of yaw increased with lift coefficient and 
nearly as the tangent of the angle of sweepback. All the 
swept-back wings with f lups neutral reached a maximum 
value of rate of change of rolling-narent coefficient 
with angle of yaw of about O.OCi^.. With flaps deflected 
rate of change of rolling-moment coafficlent with angle 
of yaw increased to about 0.0055 at some lift coefficient. 

3. Drooping the wing ti-ps decreased the rate of 
change of rolling-vtoment coefficient with angle of yaw, 
and th9 reduction increased with increase in lift coef- 
ficient. Drooping the tips appeared to be a pro:ni3ing 
means of reducing the unfavorable lateral-stability char- 
acteristics of win,b-3 with large sweepback. 

U' Aileron ef 
of the curve of ro 
aileron an^le deer 
much as would be e. 
si derations. This 
in lateral stab*li 
highly awwpt-baok 
rolling Moment cau 

fectivenesj as measured by the slope 
lling-moment coefficient plotted against 
eased with angle of sv/eepback about as 
xptfOted from simple theoretical con- 
fact combined with the large increase 
ty with sweepback indicated that, v.ith 
wings, the aileron cannot trim out the 
3eo by large angles of yaw. 

5. The small change in pitching moment caused by 
aileron deflection indicated that wing-tip elevators 
having swept-back hinge lines would be relatively Ineffec- 
tive on highly swept-back wings. 

6. The maximum lift coefficient of the wings without 
flaps was approximately independent of the angle of sweep- 
back, but the angle of attack at maximum lift varied 
nearly inversely as the cosine of the angle of sweepback. 

7. The split-flap effectiveness at 0° angle of attack 
decreased with sweepback. The increment of maximum lift 
coefficient with flaps deflected decreased with increase 
in sweepback and the maximum lift coefficient for the 
60° swept-back wing may be less than that with flap 
neutral. 

V v 
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8. Spoiler effectiveness in producing rolling moments 
decreased with aweepback much faster than would be indi- 
cated by the simple theory. The large and favorable 
yawing moments produced by the spoiler indicated that 
spoilers may be of some use in directional control. 

Langley Memorial Aeronautical Laboratory 
National Advisory Cotranittee for Aeronautics 

Langley Field, Va., March 26, l$k6 
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Model configurationP**« Plotted! 
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f-52 
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Plain wing 
J.lnS + alie?on 
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,.,,     Plain win«      v 

Sni: r°pef «P-J mg + drooped tipa 
Plain wing      P' 

Wing + aileron 

-*ing + apoiier wing + split 

"i"S .+ split fS 
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"lne + aiie?on 
#n6 + aiier0n 
,'.JnS + spoile?    • 

J'^S + spoiler 
-JOg + split flan 
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«ng + aileron 
Wing + apoller 

J'lne + spouer 
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Plain wing P 

Plain wing 
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